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Advanced military medical training is intensive both in pace and cognitive expectations.  Attendance at the 24 month Interservice Physician Assistant Program (IPAP) is further complicated by the requirement for students to move themselves and their families on three separate occasions to accommodate military training requirements.  Students attend class five days a week, eight hours a day for the academic training portion of their education that is 53 weeks in duration.  During this academic year, the typical student will complete no fewer than 111 examinations, answering some 5,550 questions.  The pace of study is extraordinarily rapid, an unfortunate necessity mandated by the need for these students to complete 86 semester hours of undergraduate study with 1815 contact hours devoted to classroom or laboratory experience (IPAP, 2001).  All of this is accomplished under the rigor of a Student Evaluation Plan that leaves little room for falling behind and/or catching up.  The academic year of training is followed by a year of clinical training during which the physician assistant student spends an average of 60 hours per week in one of 20 military treatment facilities.  Students rotate through ten mandatory and two elective clinical rotations participating as a member of a medical treatment team with progressive increases in patient care involvement and responsibility. 


The IPAP faculty has expressed concern for the situational intensity inherent in military physician assistant (PA) training, and possible consequent deleterious health effects.  The author of this literature review served as a senior instructor in the IPAP for four years.  During this time, the author noted a surprising number of physician assistant students were found to have an elevation in blood pressure.  This observation prompted the articulation of the following problem statement:  Enhanced situational stress, and the perception of that stress leads to an unusually high incidence of essential hypertension in military physician assistant students.  The author’s interest is to define the relationship between psychological stress and the development of essential hypertension in military PA students.  The potential to design a stress intervention program for military PA students is a natural outgrowth of this research. 

Review of the Literature

Systemic hypertension is one of the most common health problems in this country, affecting as many as 50 million Americans (National Institutes of Health (NIH), 1997).  Optimal blood pressure levels have been defined as below 120 mm Hg systolic and below 80 mm Hg diastolic (NIH, 1997).  Hypertension results in more office visits to primary care providers than does any other chronic illness, with only one in four hypertensive Americans controlling their hypertension to below 140/90 mm Hg (Moser, 1996).  Hypertension is a well-established major risk factor for the development of coronary artery disease and is the most important risk factor for cerebrovascular disease.  


It is important to view hypertension from an etiologic perspective.  Over 90 percent of all patients with hypertension seen in the United States fall into the category of primary hypertension.  Primary hypertension may be referred to as essential or even idiopathic.  This nomenclature underscores the fact that we have not identified the cause of the vast majority of cases of hypertension.  The exact causality in essential hypertension may be elusive, but factors involved in the development of essential primary hypertension have been well established:  advancing age, ethnicity, gender, family history, sodium intake, excessive alcohol ingestion, socioeconomic status, tobacco abuse, and the presence of high levels of emotional stress (Adamson, 1998). 


The exact physiologic pathway by which psychological stress induces elevations in blood pressure has yet to be generally accepted.  There are many hypotheses and much evidence to support a variety of neurologic and endocrine mechanisms involved in the induction of blood pressure elevation.  Schmieder et al. (1997) studied the relationship between glomerular hyperfiltration during sympathetic nervous system activation and the subsequent evolution of essential hypertension.  These investigators examined renal hemodynamics and humoral components of the renin-angiotensin system at rest and during mental stress in 45 young normotensive subjects and 37 age-matched subjects who had been diagnosed with mild essential hypertension.  At rest, glomerular filtration rates, renal plasma flow filtration fraction, plasma renin activity, angiotensin II concentrations, and serum aldosterone values were similar in the hypertensive and normotensive subjects.  After stress, blood pressure increased (P<0.01), but there was no statistically significant difference in blood pressure elevations between the normotensive versus hypertensive subjects (7.05 ( 6.9 versus 7.03 ( 4.6 mm Hg).  The decrease in renal plasma flow was also similar in the two groups (-27 ( 54 versus –22 ( 25 ml/min per 1.73m2).  Of note, the increase in glomerular filtration rate (+10.5 ( 7.2 versus 6.08 ( 5.7 ml/min per 1.73m2, P<0.001) and filtration fraction (+2.48 ( 1.38 versus 1.82 ( 1.49%, P <0.05) was more marked in hypertensive than in normotensive subjects.  The investigators concluded “…in early essential hypertension, glomerular hyperfiltration is evident during sympathetic nervous system activation, which is mediated by postglomerular vasoconstriction.  This early stress-induced glomerular hyperfiltration may contribute to, or trigger, the development of essential hypertension” (Schmieder et al., 1997, p. 893).  This study may have elucidated the link between the proposed hypertensinogenic effects of stress and the type of hypertension seen with renal injury.  

A similar role for the induction of stress-induced hypertension via activation of the sympathetic nervous system was postulated by Light, Koepke, Orbrist, and Willis (1983).  These authors hypothesized that exposure to competitive mental stress results in a reduction of sodium and fluid excretion.  The question was whether any observed reductions were greater among those with established risk factors for hypertension or in those subjects demonstrating an increased heart rate in response to stress.  The participants in this study were 18 to 22 year old college students, 24 of them subjected to the “stress” and 16 to the “nonstress” condition.  All were normotensive at rest.  Urine sodium concentrations, blood pressure readings, and electrocardiographic recordings were obtained during the five-hour experiments.  Subjects were divided into high risk and low risk groups based upon the presence or absence of established risk factors for hypertension.  Among high risk subjects, greater decreases in sodium excretion were consistently associated with greater increases in heart rate (r=-.64, P<.05).  No significant relation between sodium excretion and heart rate response was evident for the low risk participants (r=-.15).  Changes in fluid excretion and heart rate during stress were similarly related for high risk (r=-.55, P<.05) but not for low risk subjects (r=-.13).These findings highlighted the role of sympathetic nervous system mediated sodium and fluid retention as etiologic in the development of hypertension.  

Yet a different neuroendocrine pathway for the induction of hypertension was described by al’ Absi and Arnett (2000).  These authors conducted an extensive review of current literature related to excessive and prolonged stress-induced cortisol changes as a contributor or marker of essential hypertension.  This review article focuses on recent studies evaluating cortisol tissue sensitivity, cortisol production and cortisol metabolic rate in hypertensive prone persons.  The authors’ synthesis of the data led to a final postulate; “…the possibility that cortisol may serve as an intermediate phenotype of hypertension” (al’ Absi & Arnett, 2000, p. 234).  It is likely that a variety of interconnected physiologic pathways are involved in stress induced hypertension.  

Regardless the precise etiology, the correlation between mental stress and elevated blood pressure has been definitively demonstrated.  Yoshiuchi et al. (1997) investigated hemodynamic and endocrinologic changes during a mental arithmetic task (MAT) and a mirror drawing test (MDT) in 10 hypertensive subjects.  The participants were three men and seven women with mild to moderate hypertension.  Their mean age was 62.1 ( 2.5 years with a range from 49 to 76 years.  Casual morning systolic blood pressure in this group ranged from 140 to 180 mm Hg; diastolic blood pressure ranged from 90 to 100 mm Hg.  After obtaining baseline early morning blood pressure readings, the subjects performed MAT and MDT in a randomized order.  There were significant increases in systolic blood pressure (+37.8 ( 11.1 and 41.0 ( 9.4 mm Hg during MAT and MDT, respectively, P<.01) and diastolic blood pressure (+17.5 ( 3.1 and +21.2 ( 3.9 mm Hg, P<.01) during both task performances.  These finding confirm the relationship between mental stress and increases in both systolic and diastolic blood pressure.  

Pierdomenico et al. (2000) also looked at the role of the autonomic nervous system in relation to blood pressure.  Their study expanded earlier reports by evaluating patients with “white coat” hypertension in comparison with subjects classified as normotensive and those with diagnosed sustained hypertension.  The term “white coat” hypertension is a rather common condition in which patients have elevated blood pressure readings when in the clinic setting, but normal out of clinic blood pressure readings.  It is believed that this phenomenon is a result of a conditioning mechanism and there is as yet no consensus on whether a diagnosis of white coat hypertension portends the development of cardiovascular disease.  The investigators selected 12 patients with sustained hypertension (clinic blood pressure ( 140/90 mm Hg and daytime blood pressure > 135/85 mm Hg) and 12 patients with white coat hypertension (clinic blood pressure ( 140/90 mm Hg and daytime blood pressure < 135/85 mm Hg) from patients undergoing ambulatory blood pressure monitoring and 12 normotensives for study inclusion.  Groups were matched for age, sex, and body mass index and had similar dietary patterns and occupational status.  Subjects underwent noninvasive 24-hour monitoring of blood pressure, electrocardiographic tracings, body position, activity rate, and ambient temperature.  Participants also collected 24-hour urine samples for examination of norepinephrine and epinephrine levels.  Work and sleep time, body position, ambient temperature, and activity did not differ significantly among the groups.  Urinary norepinephrine excretion during the 24 hour surveillance period was significantly higher in patients with sustained hypertension than in those with white coat hypertension (53 ( 12 mug vs 29.5 ( 6 mug, P<.05).  Of note, there was no difference in all parameters thus mentioned between those with white coat hypertension and normotensives.  This study suggests that differences exist between those patients with sustained hypertension and individuals noted to have white coat hypertension in regards to pathophysiologic etiology.  

Sustained elevation in blood pressure has long been recognized as a significant risk factor for the development of cardiovascular disease.  One sequelae of prolonged and sustained elevation of the blood pressure is an increase in left ventricular muscle mass.  Cardillo et al. (1996) compared blood pressure levels measured during laboratory stress testing and 24 hour ambulatory monitoring with regard to their relationship to cardiac end-organ changes.  For this study, 63 untreated essential hypertensives and 32 healthy subjects underwent ambulatory blood pressure monitoring, laboratory stress testing, and echocardiography.  Throughout the study, resting and stress testing systolic blood pressure and diastolic blood pressure readings were obtained by the same observer using a standard mercury manometer.  Laboratory stress testing consisted of a mental arithmetic test and cycle ergometry.  Twenty-four hour ambulatory blood pressure monitoring was performed by use of a portable, noninvasive recorder.  On completion of the monitoring, a computer program analyzed data.  Left ventricular mass assessments were obtained via echocardiography and the results were coded and read blindly by a skilled physician.  The investigators found 24-hour daytime, and nighttime blood pressures were significantly higher in the hypertensive than in the normotensive group.  In the normotensive group, no significant relationship was observed between left ventricular mass and different measures of blood pressure.  In summary, the investigators concluded that stress testing blood pressure does not assist in the identification of hypertensive patients with increased left ventricular mass.  This study encourages the reader to search for expanded links between psychological stress, blood pressure elevation, and the eventual development of cardiovascular disease. 

Hayashi et al. (1996) were interested in the relationship of ambulatory blood pressure readings to the uniquely cultural phenomenon known as “Karoshi”, which refers to death from overwork.  Participants in this study were defined as male white-collar workers recruited from a major electrical goods manufacturer.  The investigators divided the workers into several groups:  those workers with normal blood pressure (<140/85 mm Hg) and those workers with mild hypertension (140-160/90-105 mm Hg) with all subjects working an average of 60 hours overtime per month were extracted as the overtime groups.  A group of employees with normal blood pressure and a group of employees with mild hypertension with all subjects within these groups working an average of 30 hours overtime or less per month were extracted as the control groups.  Workers were matched by occupational level and age; the size of each group ranged from 10-15 subjects.  A 24-hour blood pressure examination was performed on all participants.  The study showed that for both the normotensives and the subjects with mild hypertension, the 24-hour average blood pressure of the overtime groups was higher than that of the control groups (P<.05).  This study yields further evidence that work related stress is associated with elevation in blood pressure readings.

Many of these studies utilized ambulatory blood pressure monitoring technology as an integral portion of the experimental procedure.  Townsend (1996) reviews five areas of clinical research using ambulatory blood pressure monitoring which are relevant to the field of renal medicine:  microalbuminuria, renal function, renovascular hypertension, dialysis, and transplantation.  He goes on to discuss the increasing utilization of this technology in the clinical arena despite a general lack of third party reimbursement for the performance of 24-hour blood pressure monitoring.  Townsend gives his endorsement to this technology for clinicians in the management of hypertension in addition to its utility in research.  The sixth joint national committee on the prevention, detection, evaluation, and treatment of hypertension (JNC VI) similarly endorsed ambulatory blood pressure monitoring with the following statement: “Among persons with hypertension, an extensive and very consistent body of evidence indicates that ambulatory blood pressure correlates more closely than clinic blood pressure with a variety of measures of target organ damage such as left ventricular hypertrophy.” (NIH, 1997, pl 14).  

Conclusions

1.  There is a substantial body of research data that supports a linkage between enhanced psychological stress and elevation in blood pressure. (Schmieder, et al., 1997; Light, Koepke, Orbrist, & Willis, 1983; al’ Absi & Arnett 2000; Yoshiuchi et al., 1997; Pierdomenico et al, 2000) 

2.  The mechanisms by which blood pressure increases as perceived stress increases are likely multifactoral.  (Schmieder, et al., 1997; Light, Koepke, Orbrist, & Willis, 1983; al’ Absi & Arnett 2000; Yoshiuchi et al., 1997; Pierdomenico et al, 2000)

3.  Work related stress is associated with an elevation in blood pressure.  (Hayahi et al., 1996)

4.  Ambulatory blood pressure monitoring is generally accepted as reliable and accurate.  (Townsend, 1996; NIH, 1997)

Topics For Further Study

1.  Are stress intervention programs effective in decreasing perceived stress with a concomitant decrease in recorded blood pressure levels in military physician assistant students?

2.  Is elevated blood pressure a transient or lifelong phenomenon in those military physician assistant students who develop essential hypertension while enrolled in IPAP? 
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